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Sunday, February 3, 2013 117aa complex formation between activated Ga and the chemoattractant-bound re-
ceptor. The complex formation caused the increase in the membrane resident
time of individual active Ga subunits and therefore the accumulation of Ga
at the membrane region that is stimulated by a focal chemoattractant. Such
a mechanism positively retains the gradient signals from the receptor leading
to the signal transmission into the downstream pathways.
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Human thromboxane A2 receptor (TP) density is significantly increased in
atherosclerotic coronary arteries. The elevated TP protein levels in the diseased
vasculature could be due to the increment of the TP protein synthesis/traffic. To
reveal the mechanisms that regulate TP synthesis/traffic, we first analyzed
its subproteome in TP-transfected HEK293T cells. TP immunoprecipitates
were separated by SDS-PAGE and bands at 37, 65 and 110 kDa were
excised for trypsin digestion and LC/MS/MS analysis. A group of endoplasmic
reticulum (ER)-membrane spanning proteins were identified in complex
with TP in transfected cells (n=3) but not in non-transfected cells (n=3). These
proteins include phosphatidylinositide phosphatase SAC1 (SAC1), Dolichyl-
diphosphooligosaccharide-protein glycosyltransferase subunit STT3A
(STT3A) and Dolichyl-diphosphooligosaccharide-protein glycosyltransferase
subunit 2 (RPN2). Six peptides of SAC1, 4 peptides of STT3A and 6 peptides
of RPN2 were detected. Next, co-immunoprecipitation experiments showed
that TP was able to pull down c-Myc tagged SAC1 (c-Myc-SAC1) in
HEK293T cells coexpressing TP and c-Myc-SAC1 but not when TP or
c-Myc-SAC1 were transfected alone (negative controls). The dynamic localiza-
tion of SAC1 in the ER and Golgi apparatus regulates protein secretion from the
Golgi apparatus in response to proliferating signals, while STT3A and RPN2
are components of the oligosaccharyltransferase complex, which catalyzes
co-translational N-glycosylation and mediates protein translocation across
the ER membrane. Thus, SAC1 likely aids TP secretion and trafficking
to the plasma membrane of cells undergoing proliferation, and STT3A
and RPN2 may be involved in TP Asn4- or Asn16-glycosylation which are re-
quired for TP expression. In summary, proteomic analysis identified ER
membrane-spanning proteins that form macromolecular complexes with TP.
Co-immunoprecipitation experiments confirmed TP and SAC1 association.
Association of TP with ER-membrane spanning proteins may be involved in
the regulation of TP synthesis, modification and trafficking in the proliferating
vasculature. Supported by NIH.
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The interaction of GPCRs with PDZ-domain-containing proteins is essential
for signaling. Helix-8 (H8) is a structurally conserved amphipathic helical
motif in class-A GPCRs, adjacent to the C-terminal sequence that is responsi-
ble for PDZ-domain-recognition. To understand the role of H8 in molecular
level mechanisms of GPCR/PDZ interactions we investigated the interaction
of the PDZ-containing GIPC1 protein with the dopamine D2 receptor (D2R)
in homology models of the systems based on the X-ray structures of very
closely related analogs: the D3R, and the PDZ domain of GIPC2, respectively.
The 5 C-terminal residues of D2 receptor’s relatively short C-terminal stretch
next to H8 was docked into the GIPC1-PDZ model using a simulated-
annealing-based PDZ docking scheme. On the resulting GIPC1-D2R complex
we carried out several regular MD simulations in sphingolipid/cholesterol
membranes to determine the stability of the complex. The results show that
the free carboxyl group of C-terminus of the D2R preferred to sample the space
around the main-chain atoms of the conserved GFGL motif located on the
carboxylate-binding loop of the GIPC1-PDZ. We investigated the relation
between distance of H8 from the membrane and its secondary structure by
metadynamics MD simulations and found that as the H8 moved away from
the membrane, it became energetically easier for the helix to unravel into an
extended conformation that is the canonical conformation for interaction
with PDZ-domain. Because the C-termini of GPCRs are palmitoylated, we
also investigated effect of palmitoylation on the structure and dynamics of
H8 in the context of its role in repositioning H8 for the interaction with the
PDZ domain. We find that in the palmitoylated C-terminus the H8 backbone
penetrates deeper into the membrane, whereas de-palmitoylation renders it
more accessible to the cytoplasm where it can interact with the PDZ
domain-containing proteins.602-Pos Board B371
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The juxtamembrane (JM) domain of the EGFR is crucial for receptor activation
and also plays an important role in regulation of the kinase domain (Hubbard,
2004). The JM region starts immediately after the TM domain, at residue
Arg645, referred to as JM-A (residues 645-663) and JM-B (residues 664-
682). It is suggested that the JM-A region forms an antiparallel dimer and
interacts with negatively charged lipids in the adjacent lipid bilayer. However
its precise orientation and involvement in the activation mechanism is not
clearly understood.
In this study, we employ coarse grained molecular dynamics (CG-MD) simu-
lations to investigate the behaviour of the EGFR TM-JM domain dimer in var-
ious membrane environments. Our simulations reveal that the JM region
interacts favourably with charged lipids, and in particular forms a high number
of contacts between positively charged residues in the JM-A and anionic lipid
headgroups. The resulting CG models were refined further using atomistic
simulations. We have also extended this study to investigate the behavior of
the juxtamembrane region in the presence of extracellular and kinase domain
in order to gain more insights into the orientation of the JM region and its
possible involvement in EGFR activation mechanism.
S.R. Hubbard, ‘‘Juxtamembrane autoinhibition in receptor tyrosine kinases.,’’
Nature reviews. Molecular cell biology, vol. 5, Jun. 2004, pp. 464-71.
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The association of transmembrane helices plays a significant role in the signal-
ling of receptor tyrosine kinases. Recently the structures of the transmembrane
domain of EphA1, which is a receptor tyrosine kinase implicated in a variety of
cancers, were obtained via NMR spectroscopy [1]. Recent studies present the
existence of multiple possible interaction modes for EphA1 which has lead
to the suggestion that this system is governed by the rotation-coupled activation
mechanism, with packing via different interaction motifs corresponding to ac-
tive and inactive states of the dimers.
To investigate further these results we performed potential of mean force
(PMF) calculations for the association of the transmembrane helices of the re-
ceptor tyrosine kinases EphA1 using coarse-grained (CG) molecular dynamics
calculations. The resulting profiles suggest two stable or metastable states for
this system, consistent with the idea of a rotation-coupled activation mecha-
nism. The most stable state for EphA1 involves a right-handed dimer interact-
ing via an N-terminal glycine zipper motif, consistent with a recent structure
from NMR spectroscopy. Interestingly the second state involves a left-
handed dimer with interacting residues different from the glycine zipper. Anal-
ysis of unrestrained CGmolecular dynamics based on the NMR structure of this
dimer seems correlate these two states. The final analysis based on all atom
simulations for the most representative structures of CG MDs give also valu-
able details for these interactions. So, multiscale molecular dynamics and
PMF calculations shed a new light of the dynamical behaviour of such
a system.
Reference:
1.Bocharov EV, Mayzel ML, Volynsky PE, Goncharuk MV, Ermolyuk YS,
et al. (2008) Spatial structure and pH-dependent conformational diversity of
dimeric transmembrane domain of the receptor tyrosine kinase EphA1. J
Biol Chem 283: 29385-29395. doi:10.1074/jbc.M803089200.
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Growth hormone receptor (GHR) is a central component of growth hormone
(GH) induced signaling pathway. It is engaged in various cell functions related
to growth and metabolism. Despite its crucial role in these functions, knowl-
edge of its structure remains elusive, especially the transmembrane (TM)
domain that bridges extracellular signals to the cytosolic downstream recipi-
ents. We modeled the TM domain structures of the active and inactive receptors
using temperature replica-exchange simulations and further tested their
118a Sunday, February 3, 2013structural stability and intrinsic dynamics in POPC bilayers with a total of
15.6 ms molecular dynamics simulations. Cross-validation experiments were
also carried out. These include (i) performing window-exchange umbrella
sampling simulations with the inter-helical distances as the reaction coordinates
to find the energetically most favorable human GHR TM dimer structures and
(ii) extracting structural information from H1-N15 HSQC NMR spectra. The
results of the three independent experiments well compliment each other.
The active and inactive states of human GHR adopt different structural fea-
tures. The difference is subtle, mostly in the interfacial residues, and is presum-
ably caused by rotation and piston motions of the TM helices.
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Heterooligomerization of cell signaling molecules has been observed in many
signal transduction systems and is thought to affect signaling output. For exam-
ple, in the EGFR and Eph families of receptor tyrosine kinases, both homotypic
and heterotypic interactions modulate receptor function. We hypothesize that
these interactions alter the molecular composition of signaling clusters, which
drives changes in cell behavior. Unfortunately, current experimental methods
do not allow control of heterotypic interactions between receptors. We have de-
veloped a method to form heterodimers of cell signaling ligands on supported
lipid bilayers and have employed this approach to study receptor cross-talk be-
tween EGFR and EphA2. These receptors are often overexpressed in metastatic
breast cancer cells and have been reported to physically interact. We are cur-
rently probing the effects of EphA2 and EGFR co-clustering in MDA-MB-
231 breast cancer cells using this directed heterodimerization approach. We
have found that presentationof the ligands for these receptors in the formof a het-
erodimer modulates downstream signaling, and we will discuss these results.
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Cross-linking of IgE bound to its receptor, FcεRI, by multivalent ligands initi-
ates a transmembrane signaling cascade that activates allergic and inflamma-
tory responses in mast cells. Super-resolution fluorescence localization
microscopy is an effective tool for quantitative nanoscale imaging of the distri-
bution and ligand-induced redistribution of FcεRI. We use structurally-defined
trivalent ligands specific for anti-dinitrophenyl (DNP) IgE, for which the ligand
size and valency is precisely controlled, to cross-link IgE-FcεRI. These ligands
are based on a Y-shaped double-stranded DNA scaffold with DNP groups con-
jugated to each of the three 5’ ends. The distance between DNP groups is fixed
by the length of single-stranded oligonucleotides annealed to form the Y-
shaped structure. As described previously for these Yn-DNP3 ligands, (Sil et
al., 2007, ACS Chem Biol) some (but not other) cell signaling pathways depend
on inter-DNP distances, ranging from 5 – 15 nm, which constrain the proximity
of ligand-bound IgE-receptors. We are investigating the organization and dy-
namics of ligand-induced IgE-receptor clustering to gain new information
about interactions of cross-linked IgE-receptors within the membrane that ac-
company or limit transmembrane signaling. We image fixed and live cells
and compare Yn-DNP3 ligands with the heterogeneous ligand, DNP20-BSA.
IgE is labeled with a photo-switchable probe and IgE-receptor clustering is
quantified in super-resolution images with spatial correlation functions. In liv-
ing cells, we record single-receptor trajectories, and receptor mobility is mon-
itored in real time through analysis of populations of tracks. Both DNP20-BSA
and Y16-DNP3 cause a sharp decrease in mobility upon ligand addition, but pro-
duce IgE-receptor clusters that appear distinctive in size and density. Y16-
DNP3–stimulated changes occur on a shorter time scale when matched for
DNP concentration with DNP20-BSA. Continuing work with Yn-DNP3 ligands
will probe clustering-dependent IgE-receptor association with membrane struc-
tures and downstream signaling partners.
607-Pos Board B376
Multi-ColorSingleParticleTrackingofQD-IgE-FcεRI:DirectlyCorrelating
Oligomer Size with Receptor Mobility and Signaling
Patrick J. Cutler, Michael D. Malik, Bridget S. Wilson, Keith A. Lidke,
Diane S. Lidke.
University of New Mexico, Albuquerque, NM, USA.IgE binds to its high affinity receptor, FcεRI, expressed on mast cells and
basophils. Crosslinking of IgE-FcεRI complexes leads to intracellular signaling
and eventual immune response. Although much is known about this receptor
family, the precise mechanism of signal initiation remains elusive. Previous
single particle tracking (SPT) experiments have revealed that small, mobile re-
ceptors are signaling competent. However, high-speed SPT had typically been
limited to two-color tracking, such that aggregates larger than dimers could not
be distinguished. In order to better understand the relationship between receptor
mobility, aggregate size and signaling, we have developed a novel high-speed
hyperspectral line-scanning microscope (HSM) to perform multi-color SPT
(mcSPT) of up to 8 colors of quantum dot (QD)- labeled IgE-FcεRI simulta-
neously on the surface of mast cells. The HSM is unique in its capability to
acquire a 4D image (x,y,l,t) of ~30 micronst2 with 128 spectral channels
at ~30 fps. This combined with the advantageous characteristics of QDs
(high quantum yield, single source excitation, narrow emission spectra) pro-
vides an exceptional platform for mcSPT. Using the HSM, we can determine
receptor aggregate size from the spectral signature, and then correlate aggre-
gate size with mobility. Comparison of aggregate mobility in the presence of
the tyrosine kinase inhibitor, PP2, reveals the influence of adaptor protein re-
cruitment on mobility. The HSM also allows for simultaneous measurement
of calcium flux (Fluo-4) while performing mcSPT, providing a direct readout
of signaling in response to receptor aggregate formation and mobility. These
experiments not only address important questions in IgE-FcεRI signal initia-
tion, but also provide new biophysical insight into the long-standing debate
over the relationship between receptor oligomer size and mobility in the plasma
membrane.
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The high affinity IgE receptor, FcεRI, serves as the primary immunoreceptor on
mast cells and basophils. Cross-linking of IgE-bound FcεRI via multivalent an-
tigen initiates a signaling cascade that ultimately results in the release of key
mediators for an allergic response. Priming with IgE has been traditionally
thought of as a passive event, yet certain forms of IgE termed ‘cytokinergic’
IgEs (cIgE) have been shown to induce activation independent of antigen.
The mechanism of action of cIgEs remains unclear. To determine whether
changes in receptor mobility are associated with cIgE activation, we have de-
veloped a fluorogen activating peptide (FAP)-tagged FcεRI -subunit for single
particle tracking. FAPs are genetically expressible tags that bind an exogenous
fluorogen dye. The titration of the fluorogen dye allows the labeling density to
be adjusted at the time of imaging without the need to photo-bleach or photo-
activate a population of dye molecules. We find that even in the presence of
concentrations of cIgE that induce robust signaling, FcεRI remains highly
mobile.
We take advantage of the FAP system to additionally investigate the mobility
of the downstream scaffolding protein Linker for Activation of T-cells (LAT).
The mechanism through which FcεRI crosslinking propagates signaling to LAT
remains a topic of debate as LAT has been previously shown to form clusters
segregated from FcεRI after activation. However, these studies were carried out
using high concentrations of multivalent allergen that resulted in large immo-
bile FcεRI aggregates. The far-red emission of the MG2P fluorogen allows for
simultaneous tracking of FAP-LATmobility with respect to FcεRI labeled with
Alexa488-IgE. Using FAP-tagged LAT, we investigate how LAT mobility and
distribution change over a range of activating conditions, in which FcεRI goes
from mobile to immobile crosslinked aggregates.
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T cell activation is pivotal to the initiation of the adaptive immune response
which confers resistance to pathogens and plays a role in numerous diseases.
Over the past decades, key protein interactions contributing to T cell activation
via antigen recognition have been characterized in molecular detail, in partic-
ular the interaction of T-cell receptors (TCR) with antigenic peptide bound to
